Cells flash-labelled with [3H]-thymidine ([3H]-TdR)
are unevenly distributed through tumours in vivo. Areas with few labelled cells are generally thought to be nonproliferating. However, the uneven distribution of labelled cells might also arise from the pattern of [3H]-TdR diffusion through the tumour (Kligermann et al., 1962) . Tannock (1968) found that the median grain count over labelled cells in tumour cords fell with the distance from the capillary, while the length of DNA synthesis (Ts) remained constant. In vitro, where label was freely available, nuclear grain count was proportional to lI/Ts (D6rmer et al., 1975) , so Tannock's (1968) results may suggest that the availability of [3H]-TdR decreased across tumour cords.
Several studies in which DNA content, measured by flow cytometry, was compared with [3H]-TdR labelling have shown that not all S phase cells incorporated the label. In the mouse epidermal basal layer, only 80% of cells with mid S phase DNA content incorporated [3H]-TdR (Clausen et al., 1980) . In EMT-6 multicellular spheroids the percentage of labelled S phase cells fell from 100% at the surface to 23% at a depth of 150,um (Freyer & Sutherland, 1980) . Thus unlabelled S phase cells have been found in slowly cycling populations and where nutrients are limited. The latter condition is characteristic of solid tumours and there is also evidence that many cells in a solid tumour cycle slowly (Hamilton & Dobbin, 1983a, b) . The apparently viable areas of tumour tissue lacking labelled cells which have been reported in various tumours (Rockwell et al., 1972; Hirst et al., 1982) may therefore contain unlabelled cycling cells rather than "resting" cells.
We have shown that in the periphery of the mouse carcinoma NT [3H]-TdR was incorporated by many fewer cells than was [3H]-deoxyuridine ([3H]-UdR) (Hamilton & Dobbin, 1982) . In the present study we (Young, 1977 UdR labelling patterns, a limit was set below which fields had a "low" LI. Subsequent experiments produced many tumours in which no field had an LI below 20°, (Tables 11 and III) , so this value was used as the limit for "low" LI in Figure 1 . Figure 2 . In carcinoma NT the "low" LI limit of 20% was 0.85 of the median LI found in individual fields (Figure 1 ). "Low" LI limits were set by the same criterion for the other 4 tumours. The range of LI values in individual fields and the "low" LI limit derived from it, was different in each tumour line (Table 1) . However, in all the tumours fewer fields had a "low" LI after [ (Table 1) . the LI in individual fields ranged from <10,, to > 60`% (Table II) . Tumours with the second pattern of labelling had no area with a LI below 20% (the "low" LI limit), as shown in Figure 3 . The labelling pattern in Figure 3 is significantly different from that found after a single injection of [3H]- UdR (Figure 1 ). The proportion of tumours without "low" LI fields increased with the number of injections (Table II were found. The patterns of labelling in these 2 groups of tumours is shown in Figure 4 . Both histograms were significantly different from that Figure 3 ). An injection of FUdR given before (3H]-TdR also reduced the area of low LI (Table III) (Table III) [3H]-UdR, shown in Figure 3 , the range of LI grain count values in individual fields was the same as that in with > 80 Figure 4a . However, the overall mean LI in the tecrosis, but repeatedly labelled tumours was significantly lower ia where no than that after FUdR plus [3H]-TdR (Table II,III) . Therefore, even in these repeatedly labelled tumours some S phase cells remained unlabelled. In carcinoma NT cells entered S phase at a rate of 2.3% h (Hamilton & Dobbin, 1983a, b) . This entry to S phase contributed to the increase in overall LI lumbers of with repeated injections (Table II) The effect of FUdR on the tumours also demonstrates the presence of large nucleotide pools. FUdR binds to thymidylate synthetase and blocks de novo synthesis of thymidine monophosphate from deoxyuridine monophosphate (Myers et al., 1975) . Cells can maintain a normal rate of DNA synthesis in the presence of FUdR by incorporating thymidine through the alternative, salvage pathway (D6rmer et al., 1975) . There is no suggestion in the literature that FUdR, an inhibitor of DNA synthesis, stimulates "resting" cells into cycle. Therefore it is likely that all the cells which incorporated [3H]-TdR after FUdR treatment were actively synthesising DNA at the time of the experiment (Meyer & Facher, 1977) . The results in Table II The binding of FUdR to thymidylate synthetase is inhibited by deoxyuridine monophosphate and slowed by deoxyuridine and other nucleotides (Lockskin & Danenberg, 1981) . Variations in the intracellular concentrations of these molecules would therefore alter the degree of inhibition of thymidylate synthetase by FUdR. This may be why a given dose of FUdR did not always cause every S phase cell to be labelled (Figure 4 , Table III ). We did not increase the FUdR dose further because of the inhibitory effect of the drug. A dose of 120mg kg-1 5-FU (equivalent to 2.8 x 10 -5mol mouse 1) inhibited DNA synthesis for 24 h in solid tumours in mice and rats (Klubes et al., 1978) .
An alternative explanation for the variable labelling patterns after FUdR or repeated [3H]-UdR injections is that the areas of low LI were served by vessels closed to the circulation between the time of injection and death (Hirst et al., 1982) . Tannock & Steel (1969) showed that some small vessels in a rat tumour contained static blood for a period of 10 min. However, the 6 tumours which retained areas of low LI after 3 or 4 injections of [3H]-UdR (Table II) Figure 2 ). This demonstrates that these tumours also had large endogenous nucleotide pools and suggests that they too, like carcinoma NT, contained S phase cells unlabelled by a single injection. This may also be the explanation for the area of unlabelled viable tissue reported in other tumours labelled with [3H]-TdR (Rockwell et al., 1972; Hirst et al., 1982; Camplejohn, personal communication) .
Histograms of the LI values for individual fields showed significant differences between [3H]-TdR and [3H]-UdR incorporation in 3 GSF tumours (Table I) . However, the overall mean LI values calculated from the same counts were only significantly different in one tumour, AT7. This is because the difference between [3H]-TdR and [3H]-UdR was in the area of low LI, while regions of high LI contributed more to the overall mean. Counting procedures whereby large numbers of fields are combined to give an overall LI therefore mask poor labelling of S phase cells.
In carcinoma NT where 46% of cells were in S phase (Table III) , the randomly counted mean LI after flash labelling was only 27% (Table I) In tumours where labelling is inhomogenous after a single injection, the possibility of incomplete labelling of S phase cells, as shown above, must be considered. Sparsely labelled areas should not be assumed to contain non-cycling cells without further studies, for example with FUdR.
